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3,413,995
FLUID AMPLIFIER
Romald E. Bowles, 12712 Meadswood Drive, Silver
Spring, Md. 20904, and Billy M. Horton, 9712
Kensington Parkway, Kensington, Md. 20795
Application Feb. 23, 1965, Ser. No. 439,500, now Patent
No. 3,276,259, dated Oct, 4, 1966, whlch is a continua-
tion of application Ser. No. 49, 061 Aug. 11, 1960, Di-
vided and this application June 9 1966, Ser. No.

556,300
28 Claims. (Cl. 137—81.5)

This application is a division of U.S. application Ser.
No. 439,500, now Pat. No. 3,276,259, filed Feb. 23, 1965,
in the names of Romald E. Bowles and Billy M. Horton
and entitled, “Fluid Amplifier,” which is a continuation of
U.S. application Ser. No. 49,061 filed Aug. 11, 1960, now
abandoned. )

This invention relates to “fluid vortex amplifiers,”
which utilize the flow of fluid, fluid characteristics, and
fluid flow characteristics to amplify an input signal. In
general, the vortex amplifier of the present invention does
not require moving mechanical parts other than the mov-
ing fluid itself. This is advantageous in that the nse of
moving mechanical parts limits the accuracy, reliability
and utility of fluid systems to extents which vary with the
particular application, because of friction, thermal expan-
sion or deterioration, production tolerances, assembly
problems, inertia or weight, response times, etc., of the
moving parts. Consequently, elimination or reduction of
the number of mechanically moving parts is advantageous
from the viewpoint of improving reliability, ruggedness,
storage life, initial cost, and simplification of the system.

This invention utilizes rotational flow, irrotational flow,
fluid flow distribution, transport characteristics, boundary
layer effects, pressure distribution, vanes, deflectors, sur-
face characteristics, fluid properties, hydrostatics and fluid
dynamics to achieve its objectives. The device can be con-
sidered an amplifier because the energy controlled is
larger than the controlling energy. The fluid employed
can be liquid, gaseous, mixtures of fluids, or combination
wherein different fluids are used in different sections of
the fluid vortex amplifier.

Consider a circular pan of liquid provided with a small
discharge hole at the bottom center. The height of liquid
in the pan results in a hydrostatic head or pressure which
tends to force the fluid out of the small centrally located
discharge hole. In the case of irrotational flow the fluid
will flow radially towards and through the discharge hole.
For an incompressible fluid the flow velocity will be in-
versely related to the liquid radial location. If one con-
siders a two dimensional irrotational flow condition, as in
the case of flow to a simple “sink,” the radial velocity
V: and the radial position r will be related as in Equa-
tion 1

(1

constant
p

V=

If the fluid is compressible then the local fluid density
p must be considered and Equation 1 becomes

(2) constant

p

If a tangential component of velocity is imparted to
the fluid immediately adjacent to the pan rim, a fluid an-
nulus rotates as a whole about the discharge hole as an
axis, and the flow is now rotational rather than irrota-
tional. It has been shown mathematically in numerous
text books that as this annulus shrinks towards the cen-
trally located outlet, the tangential velocity component
'V for simple rotational flow is related to the radial posi-
tion by Equation 3.

V==
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constant
r

Vg=

Consequently, when the fluid is discharging from the
pan, as fluid moves from the rim towards the centrally
located discharge hole its tangential velocity component
V; increases as the radial position decreases. Ideally if one
start with a 10" diameter pan discharging through a
centrally located hole of .01’ diameter the tangential
velocity component at the discharge hole Vi3 would be
one thousand times the tangential velocity component at
the rim of the pan Vi, Thus the tangential velocity com-
ponent is amplified.

While an open pan of liquid has been used to describe
in elementary fashion the operation of a vortex amplifier,
preferred embodiments of the invention employ a closed
container or vortex chamber, wherein the fluid need not
be liquid but can be a liquid or a gas or a mixture of fluid
or combinations of fluids and where the source of pres-
sure causing fluid discharge need not be derived from
gravitational effects but can be due to an initial pressuriza-
tion of the vortex chamber, or to elastic deformation of
the vortex chamber, or to generation of fluid pressure by
addition of energy to the fluid vortex chamber, or to a
replenishing flow of fluid or fluids into the vortex cham-
ber at a radius different from the discharge radius.

It is, accordingly, a broad object of the present in-
vention to provide a fluid vortex amplifier.

It is another object of the invention to provide a fluid
vortex amplifier having provision for plural inputs at
different radial distances from an output port.

It is a further object of the invention to provide sys-
tems for measuring rotary velocity of fluid flow from a
vortex amplifier output port.

Still another object of the present invention is to pro-
vide a system for biasing a vortex amplifier.

A further object of the invention resides in the pro-
vision of a differential vortex amplifier.

Another object of the invention is to provide a vor-
tex amplifier having a multiplicity of inputs at different
radii.

A further ob]ect of the invention is to provide a de-
vice for measuring both the sense and magnitude of rota-
tion of fluid flowing from the output port of a fluid am-
plifier.

The above and still further objects, features and ad-
vantages of the present invention will become apparent
upon consideration of the following detailed description
of one specific embodiment thereof, especially when taken
in conjunction with the accompanying drawings, where-
in:

FIGURE 1 is a view in plan of a first embodiment of
the vortex fluid amplifier of the present invention;

FIGURE 2 is a view in section, taken on the line 2—2
of FIGURE 1;

FIGURE 3 is a view in plan of a modification of the
system of FIGURE 1; .

FIGURE 4 is a view in section, taken on the line 4—4
of FIGURE 3;

FIGURE 5 is a view in plan of a differential flnid vor-
tex amplifier, according to the invention:

FIGURE 6 is a view in section, taken on the line 6—6
of FIGURE 5;

FIGURE 7 is a view in plan of a multiple input fluid
vortex amphﬁer, and

FIGURE 8 is a view in section taken on the line 8—8

- of FIGURE 7.

70

Referring now more particularly to FIGURES 1 and 2
of the accompanying drawings, the reference numeral CL
refers to the center line, or the center of axial symmetry,
of a vortex chamber 1. The vortex chamber 1 is a gener-
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ally closed cylindrical structure having a base 2, a top wall
3 and cylindrical wall 4 joining the base 2 and the top
wall 3. An egress discharge or output port or opening 5 is
provided in the base 2 and is located symmetrically of the
latter, being centered on the center line CL of the vortex
chamber 1.

Distributed about the top wall 3 are input openings 6,
the distribution being equi-angular and at approximately
the maximum radius available within the vortex chamber
1. Communicating with the openings 6 are supply lines 7
in the form of tubes terminating at the openings 6 and
each extending perpendicularly of the top wall 3. The
tubes 7 supply fluid to the vortex chamber 1 via the open-
ings 6 which are arranged to be vertical with respect to the
top wall 3 so that they will introduce no relative tangential
velocity component of fluid flow. The precise number of
tubes 7 which is utilized in any specific embodiment of the
invention represent a matter of engineering choice, but a
considerable number is desirable in order that random
relative tangential flow of fluid may be avoided. In the
specific embodiment illustrated 24 such tubes are pro-
vided. The tubes 7 are supplied with fluid by means of
manifolds 8, all of which communicate with a main supply
line or conduit, 9. An alternative conduit 10 supplies fluid
to still a further supply line 11 located at a different radius
than are the supply lines 7. Fluid is supplied to the main
supply lines 9 and 10 via a proportioning valve 12 from a
tube 13, which is connected to a source of fluid under
pressure, such as a pump or other convenient device (not
shown). The proportioning valve 12 permits of control-
ling the proportion of fluid provided via tube 13 to the
manifolds 9 and 10, and accordingly permits control of
relative fluid flow through the supply lines 7 and 11, re-
spectively. These being at different radii, respectively, in-
duce different velocities of fluid flow at the center line CL,
or at the outlet port 5, and the resultant rotary velocity of
fluid at the outlet port 5, in response to any tangential flow
induced in the chamber 1, by any means, is accordingly
controllable by manipulation of the proportioning
valve 12.

So long so as tangential or rotary component of fluid
flow is introduced into the vortex chamber 1 the flow will
be radial toward the outlet port 5. Any tangential compo-
nent of flow within the chamber 1, which may be intro-
duced in any manner whatsoever, at a radius within the
chamber 1 which is greater than the radius of the outlet
port 5, will cause an amplified rotary flow at the outlet
port 5, i.e. the flow at the port 5 will rotate more rapidly
than does the flow at any point within the chamber having
a greater radius than does port 5.

The output port 5 is connected to a pipe 15 within
which is located a paddle wheel consisting of flat planes
which intercept on a line coincident with CL. The paddle
wheel 16 is mechanically coupled to a small D.C. motor
17, which has a voltage output depending upon speed and
sense of rotation, but which requires essentially negligible
power for driving purposes. The motor 17 is connected to
an indicator 18, which may be a voltmeter, and which ac-
cordingly is capable of being calibrated in terms of the
rotary velocity of the paddle 16, to indicate both sense and
magnitude thereof. The paddle 16 is stationary so long as
the flow of fluid through the port 5 is radial, i.e. contains
no- rotary component, and the voltmeter 18 accordingly
reads zero. When however a rotary component exists the
paddle wheel 16 is rotated thereby, and drives the gener-
ator 17 at a proportional or equal velocity, and the latter
provides a voltage to the voltmeter 18 which can be read
against a scale calibrated in terms of rotary velocity, and
having a polarity determined by sense of rotation.

Reviewing now the operation of the system of FIG-
URES 1 and 2, and describing same in mathematical
terms, in FIGURES 1 and 2, the vortex chamber 1 is sub-
stantially a circular cylinder provided with a discharge
orifice or port 5, located at the cylinder’s longitudinal axis
CL. The discharge fluid stream will rotate about the vor-

()]

15

30

40

60

70

4

tex chamber axis CL with a tangential velocity component
governed by Equation 3 and by any tangential velocity
component introduced into the vortex chamber fluid. If
this tangential velocity component is introduced as the
fluid enters the chamber as Vy;, or initial tangential velo-
city component, then the condition at discharge Viq is
given by Equation 4
(4) th=7;Vtin
T4

Where r; and ry are the radial locations of the inlet and
discharge with respect to the centerline CL and where 7 is
a nonlinear modification introduced by viscous forces and
is equal to one in the absence of viscosity.

Pressurized fluid is supplied by proportioning valve 12
to distribution manifolds 9 and 10 and thence to paths 7
and 11. The openings 6 and the exit of path 11 are so
oriented and shaped that they do not provide a relative
flow velocity component which rotates about the vortex
chamber longitudinal axis CL. The manifold 8 and paths
7 are shaped and connected so as to avoid introducing an
initial relative rotational flow when fluid enters the vortex
chamber 1. We may now assume that tangential compo-
nents of velocity are imparted to the fluid, in any desired
fashion. If r5 is the radial location of the distribution paths
7 and if ry is the radial location of the fluid discharging
from the vortex chamber 1 then the tangential velocity
components Vi and Vi at radius r5; and rq respectively
are related as in Equation 5 where 7 is a modification in-

troduced by viscous forces
(5) Vm_[s
Vi 7a (n)

We provide an additional distribution path such as 11 at
radial location rg from the vortex chamber centerline CL.
Obviously several such may be provided. If there is flow
only from distribution paths at radial location rg then the.
tangential velocity components will be related by Equa-
tion 6

(6) Via_

Tg
Vo Td(n)
Consider a condition wherein the fluid in the vortex cham-
ber at ifts outermost radius is rotating at a constant
angular rate
(7) d

dft-—W b

Provide means for monitoring the tangential velocity com-
ponent at the discharge Viq. One extremely simple moni-
toring method is to place a paddle wheel 16 in the dis-
charge stream with the paddie wheel axis of rotation coin-
cident with and parallel with the vortex chamber axis CL
and with paddle wheel blades which are flat planes passing
through the paddle wheel axis of rotation. Then the angu-
lar rotation rate of the paddle wheel, W, will be related
to the discharge tangential velocity component Viq by
Equation 8

(8)

W,= adians per second)

I&V'd (1‘
Ta

K is substantially a constant and is approximately
equal to unity.

If the value 12 which supplies fluid to the vortex am-
plifier directs all of the fluid to distribution paths 7, then

(9 Vis=rsWy
0 "
(10) T’"m=h‘r]7‘5wh
Ta
(11)

r 75\ 2 5
W ,,=<;_3> 2K,
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And because the values r5 and rq are fixed and the values
K and y are approximately constant than if y==1==K then

let
o a=(3)
and
(13) Wo=AWpK

In FIGURE 1, r;>>rg such that 4>1 and the amplitude
of Wy>Wy. It is apparent to one skilled in the art that
the discharge can be through an annular ring and a model
can be constructed wherein r; is less than rg, such that
A>1.

If the value 12 which supplies fluid to the vortex am-
plifier directs all of the fluid to distribution path 11 then
one finds that, by analogy with Equation 11, W, depends
upon the inlet radial position rg, the discharge radial
position rq, the monitor coefficient X, the viscosity modi-
fication within the vortex chamber %, and the angular
rate of rotation of the fluid at radius rgWy,.

W =<ﬁ>2KW
(14) RNV R
(15) Wo—BWoKn

Thus, one is able to employ the embodiment of FIG-
1 as a multiplier amplifier and by controlling the radial
location at which fluid is introduced, one is able to change
the multiplication coefficient, as illustrated above, from
value A to value B, or, similarly, to any other fixed
value.

It is also possible to proportionally supply fluid to in-
lets or distribution paths at several radial locations simui-
taneously. In such cases the momentum exchange between
fluid introduced at a large radial location rs and fluid in-
troduced at ‘a smaller radial location rz must be consid-
ered.

Let 715 indicate the mass flow rate of fluid introduced
at r5 and let sisg indicate the mass flow rate of fluid in-
troduced at rg.

By the time it gets to location rg the mass #i; has a
radial velocity component based on Equation 2 and con-
seravtion of mass as follows

(16) m=pVA’
17) tig=pm3,5Vr52xrsh
Wherein

pm35.5 is density of msy at position rg
V5 is radial velocity at r5

h is height of vortex chamber

A’ is radial flow area 2arh

(18)

M3

Vi pmbB, B2wrsh

.
At position r(6-¢) a radial location slightly greater than ?

g
(19) . 1 1t

Tt pmB6ry 2wh
The tangential fluid velocity of s at r(6--¢) is
(20)

L5
Vigro =Wy
The velocity of 15 at location rg--¢ is therefore

(1) Vigio =\/Vra+e2+V*ﬁ+=2

@B Vs \/<m5 rhve) <7M1Wb>

The tangential momentum component of mjs at rg-te is
(23)
(24)

Prsg=1115Vg

Pmu—Tﬂa me
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The tangential velocity of 7ig at rg is
(25) Viss=rsWp
The tangential momentum of #igrg
(26)
The combined tangential momentum at rg_e is
(27) Puy=Piy~+Piyq

28 We, . .
(28) Pm=7f(msmrsﬁ+msreﬂ)

Pts(;:?ibel'st

The tangential velocity component of the combined flow is

(29) ___ P
V60 = G i)
(30) v _ W (shsmyrs -t rgred
So-e T pg(titaF 7g)

Based on Equations 4 and 30 the discharge tangential
velocity component Vg is

(31) v =Wb7lz(ms7717‘52+mu7‘u‘2)
« 74 (hs -+ 1)
and Wp is given by
(32) We _KWbWZ(m5ﬂ17vz+mbT62)
o (i1 1)
(33) (%7117‘52-5-7'62)(KW1)712)
W pm=—"2 —
EInE
(34)

() + ()
ANCE.

Wherein 5; represents the viscous force modification of
the idealized flow between radial locations r; and rg and
wherein %y represent the viscous force modification of
the idealized flow between radial locations rg and rq. Com-
parison with Equations 13 and 15 is instructive.

EWns

(85) let m,—"—n:
mg
(36) mrmxi—lIB KWy
Consider the simplified case where
nh==92=1
Then
(37) [m,A_i—_l—lB]KWh
Or
(38)

[m5A+ msB] W

mo"l'mﬁ

It is apparent that a similar analysis can be readily
accomplished when fluid is introduced at mpore than two
radial locations. It is also apparent that discharge can be
at more than one radial location if desired, as a means
of reducing the number of units required in a system.

Referring now more particularly to FIGURES 3 and
4 of the accompanying drawings, CL again represents the
center line of a chamber 21 having a base 22 and a top
wall 23 joined by a cylindrical wall 24, forming a sub-
stantially closed hollow cylindrical enclosure, Pres-
surized fluid is supplied to the chamber 21 via a radially
extending pipe 25, terminating at cylindrical wall 24,
Located within the chamber 21 is a further chamber 26
comprised of a disc like top wall 24 extending parallel
with and slightly spaced from top wall 23, and an an-
nular or cylindrical wall 28 extending parallel to and
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within the wall 24 of the chamber 21. The lower an-
nular edge or rim of the annular member 28 rides within
an annular groove 29 in the inward surface of the base
22 of the chamber 21. The annular ring 28 and its closure
disc 27 are driven by means of a motor M, mechanically
coupled to the center line of the top wall 27. The motor
M is driven at variable speeds from a source of voltage
30, via a vottage or speed regulator 31. Fluid supplied
through the pipe 25 enters the annular chamber existing
between the cylindrical walls 24 and 28 by virtue of the
spacing therebetween, and provides a fluid pressure head
therein. Communication through the annular wall 28,
from the annular distribution chamber formed by walls
24, 25 and the cylindrical vortex chamber located in-
teriorly of annular wall 28 is provided by means of slots
32 and 33, which make a common angle with respect to,
but on opposite sides of, the diameter joining the outlets
34, of the slots, so that fluid entering the inner chamber
via the slots 32, 33 is provided with a tangential com-
ponent of velocity. Since the angle which the slots 32, 33
make with the diameter are equal, and since the egress
points of the slots 32, 33 fall on the diameter D, a rotary
couple is provided which is symmetrical with respect to
CL.

Located in the base 22 and symmetrical with CL is
an outlet or discharge orifice 35. The latter extends into
a cylindrical enclosure 21, which extends outwardly of
base 22. A series of annular receiving apertures 37 is
provided, which extend into the enclosure 36 and which
face generally the discharge orifice 35. As illustrated in
the accompanying drawings, the receiving annular re-
ceiving apertures include one aperture 38 which is aligned
with the discharge aperture 35, and further apertures
39, 40, 41 and 42, which are successively of greater diam-
eters, and which surround the central aperture 38 and
are symmetrical therewith. Each of the annular receiv-
ing apertures 38, 39, 40, 41 and 42 communicates via
a suitable line, as 43, with a pressure actuated diaphragm
type pressure indicator, as 44.

In the systems of FIGURES 3 and 4, fluid supplied via
pipe 25 to the annular chamber between walls 24 and
28 flows through the slots 32 and 33 into the vortex
chamber. The slots 32 and 33 are so arranged that fluid
entering the vortex chamber has a tangential velocity
component due to the speed of flow in slots 32 and 33,
which would exist even if the latter were stationary. An
additional component of tangential velocity can be pro-
duced by rotating the annular wall 28 and thereby the
slots 32 and 33. This rotation is accomplished in re-
sponse to the rotation of the motor M, and can be in
either sense of rotation, by makmg the motor M reversi-
ble. Assuming that annulus 28 is rotating, the latter acts
as a torsional inertia with regards to flow from the an-
nular chamber to vortex chamber 21. Because slots 32
and 33 are not radial the flow exits from these slots with
a velocity which is not radial and consequently a force
acts on the walls of flow paths or slots 32 and 33, tend-
ing to cause the member 28 to rotate or increase its
rate of rotation about the center line CL. The rate of
rotation of member 28 will increase until the fluid exit via
35 has the same velocity vector direction as the en-
trance velocity vector direction for the same flow path.
Thus if the main body has a rotational rate Wy which
is negligible, then the transient tangential velocity com-
ponent Vi at radius 17 (the exit radius of flow paths 32,
33), which results from the actior of flow through paths
32, 33 in member 28 is amplified to a larger tangential
velocity component at the discharge radius rq by flow
through the vortex chamber.

( 09) th=7“‘7vc7
T

Let clockwise rotation W, be positive for FIGURE 3
and let « be the angle between the flow paths 32, 33 exit
to chamber 21 and the corresponding radius to the center-
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line CL be rq. Let ii; be the height of vortex chamber 23
at r;. Then when member 28 is thin in radial dimension

(40)

g tdn @
V=
7 Ors

where tan « is negative for orientation of flow paths 22 as
shown in FIGURE 3.

Let I; equal the angular moment of inertia of member
28. Then the transient is identified by the following

—|— a7y Wr

(41) dWs_ 1V ary
A
(42) Eoigrr /g tan e | |
W= Wsu+f C 7<p~i7rr 5 2w W5>dt

(43)
‘/xd:

77 Ty tan a

rd  2r:h
t
27'7<W f m“”’f—‘i;f‘; °‘+‘>7rr-W5>dt

It is apparent that a similar effect occurs if 43 is de-
creased in that the angular momentum of member 28
introduces a signal Vi; on the reduced flow 3. If the re-
duced value of #g is zero then there is no flow to dis-
charge path 35 and except as attentuated by friction and
viscous action the angular momentum of member 28 is
stored until flow 173 resumes.

In some applications it is desirable to rotate member
28 through a suitable mechanical linkage in order to in-
troduce a value of Vi which is related to an input sig-
nal. Unless otherwise specified the term “input signal” as
used herein is a fluid signal which is intentionally sup-
plied to the system for the purpose of instructing or
commanding the system to provide a desired output sig-
nal. This input signal can be in the form of time or
spatial variations in pressure, density, flow velocity, mass
flow rate, fluid composition, transport properties, or
other thermodynamic properties of the input fluid. The
term “output signal” as used herein is a fluid signal
which is provided by the system at its output. This out-
put signal can be in the form of time or spatial variation
in pressure, density, flow velocity, mass flow rate, fluid
composition, transport properties, or other thermody-
namic properties of the output fluid.

The rate at which fluid is rotating in proceeding from
the outlet port 35 determines the solid angle of spread
which the fluid will make after leaving the port 35. If the
fluid is not rotating, all the fluid, or substantially all the
fluid, will be directed to the central receiving aperture 38.
The more rapidly the fluid is rotating the greater will be
the distribution over the angular receiving ports 39 to 42.
Accordingly visual observation of the measuring devices
44 will result in indication of the rotation of the fluid
emitted from port 35.

If now a component of rotation of fluid within the
vortex chamber is produced, in response to any type of
input signal, this component can be balanced by ap-
propriate rotation of the annular wall 28, and if the re-
quired speed of rotation of the motor M to effect balance
is known, the magnitude of the input signal may also
be known.

In the alternative the system may be utilized to measure
the rate of rotation of the motor M, in terms of the solid
angle provided by the rotating fluid emitted from the port
35, as these are indicated by the pressure measuring or
indicating devices 44.

In the system of FIGURES 5 and 6 a cylindrical cham-
ber 50 is provided having a base 51 and a top wall 52
joined by a cylindrical wall 53 to form a closed hollow
cylindrical enclosure. Within the enclosure is provided a
porous cylindrical wall 55 spaced from the outer wall 53,
and extending between the base 51 and the top wall 52,
thereby forming an annular passageway 56 between the
outer surface of wall 55 and the inner surface of wall
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53. Pressure is supplied to the annular passageway 56
via a pipe 57, to which is connected a source of fluid
under suitable pressure (mot shown). The porous wall
55 permits fluid to flow into the chamber formed inter-
riorly of the wall 55, but introduces sufficient resistance
to flow of fluid that the entrance of fluid into the cham-
ber formed by the wall 55, and hereinafter called the
“yortex chamber,” has no tangential component of velo-
city but does have a homogeneous radial component of
velocity. Outlet ports 60 and 61 are provided in the base
51 and in the top wall 52 respectively, the outlet ports
being circular and symmetrical with respect to CL, the
center line of the vortex chamber. Extending between
the ports 60, 61 is an Archimedes screw 63, which forms
a helical deflector presenting differential impedance to the
flow of fluid which is proceeding through the ports 60
and 61 with rotary component of motion. So long as
the rotary component of motion corresponds in sense
with the threads of Archimedes screw 63 the latter facili-
tates flow of fluid. When the fluid is in the opposite sense
of rotation, however, the Archimedes screw 63 impedes
the flow of fluid. It follows that the quantity of fluid
per second which passes through the ports 6¢ and 61
respectively, depends upon the direction in which the fluid
is rotating within the vortex chamber. Assuming that
the Archimedes screw to have a clockwise direction of
thread advance in proceeding from port 60 to port 61,
then if the flow is clockwise flow is facilitated in passing
through the port 61, and impeded in passing through the
port 60. On the other hand if the direction of rotation
of flow is reversed, i.e. if the Archimedes screw has a
direction of advance in proceeding from port 60 tfo 61
which is right-handed or clockwise, the flow is left handed
as seen in proceeding from the port 60 to 61, the Archi-
medes screw facilities flow through the port 60 but im-
pedes flow through the port 61. The port 60 is connected
via a channel 65 to an elastic bellows 66 having an over-
flow provision via a small restrictive passage 67. Likewise
the port 61 is connected via a channel 68 to a bellows 69,
having a restriction overflow passage 69. Bellows 66 and
69 are joined by a connecting rod 70 so that one bellows
acts against the other, and the connecting rod 70 is pro-
vided with a pointer 71 moving over a scale 72, so that
by observation of the position of the pointer 71 with
respect to the scale 72 one may determine the relative ex-
pansions of the bellows 66 and 69. The position of the
pointer 71, accordingly, establishes a measure of the sense
of rotation and velocity of rotation of fluid within the
vortex chamber.

Assuming that the Archimedes screw 63 is right-handed
in proceeding from port 60 to port 61, and that rotary
flow of fluid within the vortex chamber is right-handed,
fluid flow thorugh the port 61 and the channel 68 will be
greater than is fluid flow through the port 60 and the
channel 65, and accordingly bellows 69 will be under great-
er pressure than is bellows 66. Bellows 69 will then over-
come bellows 66 and move pointer 71 downwardly to an
extent which is a measure of the rotary velocity of the
fluid in the vortex chamber. If the flow of the fluid in the
vortex chamber is entirely radial, i.e., contains no tan-
gential or rotary component of motion, the Archimedes
screw 63 will be neutral and equal flows will occur through
the ports 60 and 61 to the bellows 66 and 69. In such
case the restrictive overflow passages 67 and €9 will pro-
vide equal overflows, and the bellows will provide forces
against the rods 70 which are equal and opposite. The
pointer 71 will then maintain a zero deflection,

Exteriorly of the ‘chamber 50 are provided two tubes
75 and 76 in which occur filuid flows in the direction
of the arrows 77 and 78, respectively. Pitot pressure tube
80 faces upstream in the tube 75 and similarly a Pitot
pressure tube 81 faces upstream in the tube 76. Fluid
collected by the Pitot pressure tube 80 is supplied to a
divider 83, which supplies this fluid to a pair of chan-
nels 84 and 85 in equal amounts, channels 84 an 85
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terminating in openings in the wall 55 the openings ex-
isting at opposite ends of a diameter, being identifiable
by the reference numerals 90 and 91, and being so orient-
ed with respect to the wall 55 as to introduce equal tan-
gential components of fluid flow. Accordingly there is
introduced into the vortex chamber a tangential compon-
ent of fluid motion which has a magnitude representative
of the pressure measured by the Pitot tube 80.

Similarly, the Pitot tube 81 is connected via a divider
92 to a pair of channels 93 and 94, introducing equal
flows into these channels, and the channels 93 an 94
terminate in openings 95 and 96 respectively in the wall
55 of the vortex chamber. The channels 93 and 94, as
they enter the wall 55, make a tangential angle with
respect thereto, so as to introduce a tangential flow, and
since the ingress points exist along the opposite ends of
a diameter, a moment of rotation is introduced which is
symmetrical about the center line CL. The sense of rota-
tion introduced by the input nozzles 95 and 96 are op-
posite to those introduced by the input nozzles 90 and 91,

It follows that rotation of the vortex which is induced
by the two sets of nozzles 90, 91 and 95, 96, respec-
tively, are subtractive, and the net rotation of fluid in
the vortex chamber is thus a measure of the difference in
pressures in the pipes or channels 75, 76 as measured by
the Pitot tubes 80, 81.

Provision is made for inserting into the vortex chamber
two distinct kinds of impedances to fluid flow. One of
these impedances takes the form of cylindrical rods 100
which may be inserted to varying depths into the vortex
chamber and in a direction parallel to the center line CL
of the chamber. By virtue of the fact that the rods are
transversely cylindrical, and of the fact they are located
at a smaller radius than the radius of injection of fluid
with tangential component of flow by injection nozzles
90, 91 and 95, 96, the rods 100 introduce an impedance
to radial flow which is the same for both directions of
rotation. The rods 100 are arranged on a common diam-
eter, so as to introduce a balanced impedance couple, and
to avoid turbulence, and are mounted on a common
mounting plate 101. Secured to mounting plate 101 is
a rack 102, the latter being driven by a pinion 103 in
response to rotation of a motor 104. By suitably energiz-
ing motor 104 the pinion 103 may be rotated and thereby
drive the rack 102 vertically, concomitantly inserting the
impedance rods 100 more or less into the vortex chamber,
and introducing greater or smaller impedance of fluid
flow in the vortex.

A second type of impedance device is provided, which is
sensitive to direction of rotation of the fluid within the
vortex chamber. This impedance consist of pair of rods
110, 111, mounted on a common diameter on opposite
sides of the center line CL of the vortex, and at equal
radii. In cross section, the rods 110 and 111 are semi-
circular, the convex surfaces of the rods 110, 111 facing
in the same sense the clockwise rotation of the fluid,
but presenting a relatively small resistance to such clock-
wise rotation because of the aerodynamic shape of the
rods. On the other hand, in response to counter-clock-
wise rotation, the rods 110, 111 are concave as seen by
the fluid, and accordingly relatively high impedance to
flow is introduced. As in the case of the rods 100, the rods
110 and 111 are mounted on a transverse plate 112,
which serves to support both rods 110 and 111, and which
is secured to a rack 113 which is driven by means of a
pinion 114 in response to rotation of the drive motor
115.

The rods 100 can be used to symmetrically (while rods
110, 111 can be utilized to unsymmetrically) reduce rate
of rotation within the vortex chamber of the fluid within
the vortex chamber, and consequently to reduce the maxi-
mum deflection of the pointer 71, in effect reducing the
total scale of magnitudes of pressures supplied to the bel-
lows 66 and 69 to a relatively small range of values, while
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the pressures in the tubes 1 and 2 may vary over a great
range of values.

In the systems of FIGURES 7 and 8 we employ a vortex
structure involving an outer cylindrical container having a
bottom wall 120 and a parallel top wall 121, joined by a
cylindrical wall 122 to form a substantially complete cy-
lindrical hollow enclosure. Within the enclosure is a porous
cylindrical wall 123 which extends between the base 120
and the top wall 121, but is spaced from the cylindrical
wall 122 so as to form a channel 123 of annular shape,
which may be utilized to supply fluid under pressure to the
interior of a vortex chamber 124, formed by the interior
surface of the wall 123, the base 120 and the top wall 121.

Fluid is supplied to the annular passage 123 by means
of a pipe 125, and passes through the porous wall 123,
entering into the vortex chamber 124 radially and with no
component of relative tangential or rotary motion. A pipe
130 is provided, having therein fluid flow in a direction
indicated by the arrow 131. A pressure monitor tube 132

extends through the wall of the tube 130 at right angles :

therewith, and accordingly transmits a pressure equal to
the static pressure in the tube 130. A Pitot tube 133 is pro-
vided, which faces upstream in the conduit 130, and ac-
cordingly measures the total pressure therein. Flow in the
pipe 132, representative of static pressure in the channel
130, is divided equally by means of a divider 135 into two
channels 136 and 137. The latter channels terminate on a
common diameter of the vortex chamber 124, and at equal
distances from the center line CL thereof. The nozzles of
the channels 136 and 137 are directed in opposite senses,
so as to effect rotation of fluid within the vortex chamber
125 in the same sense, i.e. counter-clockwise as seen in
FIGURE 7.

The output of Pitot tube 133 is applied to a divider 140,
which divides the output of the Pitot tube 133 equally and
applies the two equal portions in separate channels 141
and 142, which terminate in nozzles 143 and 144 respec-
tively, located on a common diameter of the vortex cham-
ber 124 at equal distances from the center line CL. The
nozzles 143 and 144 inject fluid into the vortex chamber
125 in such sense as to cause clockwise rotation of fluid
therein.

A source of fluid pressure 150 is provided, which is
valved by means of a valve 151 and measured in respect
to amplitude by means of a meter 153. The fluid passed by
the valve 151 is divided in a divider 154, and equally
divided fluid flows supplied via conduits 155 and 156,
respectively, to nozzles 157 and 158, which tend to cause
clockwise rotation of the fluid in the vortex chamber 125,

by reason of their orientations and by the fact that they :

are at equal distances along a common diameter of the
vortex. A further source of fluid under pressure, 166, is
valved by means of a valve 161 and its pressure monitored
by means of a meter 162. The fluid passed by the valve 161
is divided in a divider 163 into equal flows, which proceed
via conduits 164 and 165 respectively to nozzles 167, 168
located on a common diameter on opposite sides of center
line CL. The distance between nozzles 167 and 168 can be
the same as the distance between nozzles 157 and 158,
deriving from valve 151. On the other hand the distance
between nozzles deriving from the Pitot tube 133 and from
the static pressure tube 132 can be at equal distance sepa-
rations. The Pitot tube pressure causes clockwise rotation
of the fluid and the static pressure causes counterclockwise
rotation. These rotations can be counter-balanced by fiuid
injected from the valves 151 and 161, whereof the fluid
injected from the valve 151 causes clockwise rotation and
that from the valve 161 counterclockwise rotation.

The total rotation within the vortex chamber 125 can be
measured as in the system of FIGURES 5 and 6, if desired.
However, in accordance with the embodiment of our in-
vention illustrated in FIGURES 7 and 8, the screw of
FIGURES 5 and 6 is dispensed with, and instead we utilize
a pair of vertical channels or outlet ports, 179, 171, lo-
cated in symmetry with center line CL, and each contain-
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ing at its opening a scoop arranged to accept fiuid flowing
in a first direction and to reject fluid flowing in an oppo-
site direction. The outlet or egress ports communicate
with bellows as in the case of FIGURES 5 and 6, and ac-
cordingly this portion of the structure requires no further
elucidation.

The system of FIGURES 7 and 8 operates to measure
either total pressures or static pressures, or the difference
between these, by supplying countervailing biases from the
valves 151 and 161. These valves may be adjusted so as to
reduce the total rotation within the vortex chamber to
zero, whereupon a reading of the pressures provided by
meters 153 or 162 or both of them enables a deduction as
to the character of the or magnitude of the pressures in
the channel 130.

While we have described and illustrated one specific
embodiment of our invention, it will be clear that varia-
tions of the details of construction which are specifically
illustrated and described may be resorted to without de-
parting from the true spirit and scope of the invention as
defined in the appended claims.

We claim:

1. In a fluid vortex device having a vortex chamber,
said vortex chamber having an axis, fluid in said chamber
being responsive to external motivation to produce a rota-
tional velocity of said fluid about said axis, means for
supplying said fluid to said chamber with substantially
no rotational velocity relative to said chamber about said
axis and at a relatively large radius of said chamber, fluid
outlet means located axially of said chamber and includ-
ing egress orifice means having a radius smaller than said
relatively large radius by a large factor, and sensing means
located downstream of said egress orifice means respon-
sive substantially only to a rotational velocity of said
fluid in said chamber about said axis, said sensing means
being responsive substantially only to said rotational ve-
locity of said fluid in said chamber about said axis in terms
of a function of fluid and flow parameters, said sensing
means including /means extending only slightly within said
vortex chamber in the region of said egress orifice for
solely and alone providing a pressure signal representative
only of said rotational velocity of said fluid in said cham-
ber about said axis, and means for providing a signal rep-
resentative substantially only of said rotational velocity
of said fluid in said chamber about said axis in response to
said pressure signal.

2. The combination according to claim 1 wherein said
fluid and flow parameters are sensed by said sensing
means only in a region of said chamber corresponding
approximately with the cross-sectional area of said egress
orifice.

3. The combination according to claim 1 wherein is
included means comprising at least one conduit for intro-
ducing fluid signal into said chamber from externally of
said chamber to provide said external motivation in its
entirety.

4, The combination according to claim 1 wherein is
included means comprising at least one conduit for intro-
ducing fluid control flow signal into said chamber from
externally of said chamber.

5. The combination according to claim 1, wherein
said means for supplying said fluid to said chamber with
substantially no rotational velocity relative to said cham-
ber about said axis includes means for supplying said
fluid from plural points of said chamber.

6. The combination according to claim 1, wherein
said means for supplying said fluid to said chamber with
substantially no rotational velocity relative to said cham-
ber about said axis includes means for supplying said
fluid symmetrically of said axis. )

7. The combination according to claim 1, wherein
said means for supplying said fluid to said chamber with
substantially no rotational velocity relative to said cham-
ber about said axis includes means for supplying said
fluid from all directions towards said axis.
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8. The combination according to claim 7 wherein said
last means includes a fluid-pervious wall.

9. The combination according to claim 8 wherein said
fluid-pervious wall is porous.

10. In a fluid vortex device having a vortex chamber,
said vortex chamber having an axis, fluid in said cham-
ber being responsive to external motivation to produce
a rotational velocity of said fluid about said axis, means
for supplying said fluid to said chamber with substan-
tially no rotational velocity relative to said chamber
about said axis and at a relatively large radius of said
chamber, fluid outlet means located axially of said cham-
ber and including egress orifice means having a radius
smaller by a large factor than said relatively large radius,
and sensing means responsive to a rotational velocity of
said fluid in said chamber about said axis, said sensing
means being responsive to said rotational velocity of said
fluid in said chamber about said axis in terms of a func-
tion of fluid and flow parameters, wherein said sensing
means extends only slightly within said chamber and is
solely and alone differentially responsive to rotational
flow of said fluid in said egress orifice means according
to the sense of rotation of said fluid.

11. The combination in accordance with claim 10
wherein said means within said chamber comprises a
SCOODP. .

12. In a fluid vortex device bhaving a vortex chamber,
said vortex chamber having an axis, fluid in said vortex
chamber being responsive to external motivation to pro-
duce a rotational velocity of said fluid about said axis,
means for supplying said fluid to said chamber with sub-
stantially no rotational velocity relative to said chamber
about said axis and at a relatively large radius of said
chamber, fluid outlet means located axially of said cham-
ber and including egress orifice means having a radius
smaller by 4 large factor than said relatively large radius,
and sensing means responsive to a rotational velocity of
said fluid in said chamber about said axis, said sensing
means being responsive to said rotational velocity of
said fluid in said chamber about said axis in terms of a
function of fluid and flow parameters, wherein said cham-
ber includes a fluid-pervious wall, said fluid-pervious wall
including primarily tortuous fluid passageways, said
sensing means including means extending only slightly
within said ‘vortex chamber and being solely and alone
differentially responsive to rotational sense of fluid im-
pinging thereon.

13. In a fluid vortex device having a vortex chamber,
said vortex chamber having an axis, fluid in said chamber
being responsive to external motivation to produce a
rotational velocity of said fluid about said axis, means
for supplying said fluid to said chamber with substan-
tially no rotational velocity relative to said chamber
about said axis and at a relatively large radius of said
chamber, fluid outlet means located axially of said cham-
ber and including egress orifice means having a radius
smaller by a large factor than said relatively large radius,
and sensing means responsive to a rotational velocity of
said fluid in said chamber about said axis, said sensing
means being responsive to said rotational velocity of
said fluid in said chamber about said axis in terms of a
function of fluid and flow parameters, wherein said cham-
ber includes a fluid-pervious wall, said wall being porous,
said sensing means including means extending only slight-
1y within said vortex chamber and being solely and alone
differentially responsive to rotational sense of fluid im-
pinging thereon.

14. In a fluid vortex device having a vortex chamber,
said vortex chamber having an axis, fluid in said chamber
being responsive to external motivation to produce a rota-
tional velocity of said fluid about said axis, means for sup-
plying said fluid to said chamber with substantially no
rotational velocity relative to said chamber about said
axis and at a relatively large radius of said chamber, fluid
outlet means located axially of said chamber and including
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egress orifice means having a radius smaller by a large
factor than said relatively large radius, and sensing means
responsive to a rotational velocity of said fluid in said
chamber about said axis, said sensing means being respon-
sive to said rotational velocity of said fluid in said chamber
about said axis in terms of a function of fluid and flow
parameters, wherein said egress orifice means is a pair
of opposed egress orifices, and said sensing means includes
means extending only slightly within said vortex chamber
for solely in and of itself differentially responding to fluid
and flow parameters of said fluid emerging from said op-
posed egress orifices.

15. In a fluid vortex dévice having a vortex chamber,
said vortex chamber having an axis, fluid in said chamber
being responsive to external motivation to produce a
rotational velocity of said fluid about. said axis, means
for supplying said fluid to said chamber with substan-
tially no rotational velocity relative to said chamber about
said axis and at a relatively large radius of said chamber,
fluid outlet means located axially of said chamber and
including egress orifice means having a radius smaller by
a large factor than said relatively large radius, and sens-
ing means responsive to a rotational velocity of said fluid
in said chamber about said axis, said sensing means being
responsive to said rotational velocity of said fluid in said
chamber about said axis in terms of a function of fluid
and flow parameters, wherein is included stationary rotary
fluid flow responsive means located only slightly internally
of said chamber and solely responsive to rotational veloc-
ity of said fluid to provide fluid pressure, said semsing
means being located externally of said chamber, said
sensing means being a pressure sensing means responsive
substantially only to said fluid pressure.

16. The combination according to claim 15 wherein
said stationary rotary fluid flow responsive means is re-
sponsive differentially to sense of rotational velocity of
said fluid.

17. The combination according to claim 15 wherein
said stationary rotary fluid flow responsive means is re-
sponsive differentially to sense and as a direct function of
amplitude of rotational velocity of said fluid.

18. In a fluid vortex device having a vortex chamber,
said vortex chamber having an axis, fluid in said chamber
being responsive to external motivation to produce a rota-
tional velocity of said fluid about said axis, means for sup-
plying said fluid to said chamber with substantially no
rotational velocity relative to said chamber about said
axis and at a relatively large radius of said chamber, fluid
outlet means located axially of said chamber and including
egress orifice means having a radius smaller than said
relatively large radius by a large factor, and sensing means
located only slightly within said vortex chamber and
solely and alone responsive only to a rotational velocity
of said fluid in said chamber about said axis, said sensing
means being responsive only to said rotational velocity
of said fluid in said chamber about said axis in terms of
a function of fluid and flow parameters, wherein is in-
cluded at least one source of tangential control fluid flow
into said chamber from externally of said chamber, said
at least one source being arranged to induce rotational
motion of said fluid in said chamber and constituting at
least in part said external motivation, said sensing means
including means for generating a signal representative
substantially only of said rotational velocity of said fluid
in said chamber.

19. In a fluid vortex device having a vortex chamber,
said vortex chamber having an axis, fluid in said cham-
ber being responsive to external motivation to produce a
rotational velocity of said fluid about said axis, means
for supplying said fluid to said chamber with substan-
tially no rotational velocity relative to said chamber about
said axis and at a relatively large radius of said chamber,
fluid outlet means located axially of said chamber and
including egress orifice means having a radius smaller by
a large factor than said relatively large radius, and sensing
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means located only slightly within said vortex chamber
and being solely responsive to a rotational velocity of said
fluid in said chamber about said axis, said sensing means
being responsive to said rotational velocity of said fluid
in said chamber about said axis in terms of a function of
fluid and flow parameters, and wherein is included at least
two sources of tangential fluid flow into said chamber, said
sources being arranged to induce additive rotational mo-
tions of said flnid in said chamber and constituting said ex-
ternal motivation.

20. In a fluid vortex device having a vortex chamber,
said vortex chamber having an axis, fluid in said cham-
ber being responsive to external motivation to produce a
rotational velocity of asid fluid about said axis, means
for supplying said fluid to said chamber with substantially
no rotational velocity relative to said chamber about said
axis and at a relatively large radius of said chamber, fluid
outlet means located axially of said chamber and includ-
ing egress orifice means having a radius smaller by a large
factor than said relatively large radius, and sensing
means being located only slightly within said vortex cham-
ber and being solely responsive to a rotational velocity of
said fluid in said chamber about said axis, said sensing
means being responsive to said rotational velocity of said
fluid in said chamber about said axis in terms of a function
of fluid and flow parameters, and wherein is included at
least two sources of tangential fluid flow into said cham-
ber, said sources being arranged to induce subtractive rota-
tional motions of said fluid in said chamber and con-
stituting said external motivation.

21. In a fluid vortex device having a vortex chamber,
said vortex chamber having an axis, fluid in said chamber
being responsive to external motivation to produce a
rotational velocity of said fluid about said axis, means for
supplying said fluid to said chamber with substantially
no rotational velocity relative to said chamber about said
axis and at a relatively large radius of said chamber, fluid
outlet means located axially of said chamber and includ-
ing egress orifice means having a radius smaller by a large
factor than said relatively large radius, and sensing means
being located only slightly within said vortex chamber
and being solely responsive to a rotational velocity of said
fluid in said chamber about said axis, said sensing means
being responsive to said rotational velocity of said fluid
in said chamber about said axis in terms of a function
of fluid and flow parameters, wherein said egress orifice
means includes a pair of opposed and spaced outlet pas-
sages aligned along said axis and directed toward said
chamber in opposite directions.

22. In a fluid vortex device having a vortex chamber
said vortex chamber having an axis, fluid in said chamber
being responsive to external motivation to produce a ro-
tational velocity of said fluid about said axis, means for
supplying said fluid to said chamber with substantially no
rotational velocity relative to said chamber about said
axis and at a relatively large radius of said chamber, fluid
outlet means located axially of said chamber and includ-
ing egress orifice means having a radius smaller than said
relatively large radius by a large factor, and sensing means
including means located only slightly within said vortex
chamber and being solely responsive only to a rotational
velocity of said fluid in said chamber about said axis, said
sensing means being responsive only to said rotational
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velocity of said fluid in said chamber about said axis in
terms of a function of fluid and flow parameters, wherein
is provided means for introducing a fluid signal into said
chamber to provide an external motivation, and wherein
said sensing means includes means for providing a signal
representative substantially only of said rotational velocity.

23. In a fluid vortex device having a vortex chamber,
said vortex chamber having an axis, fluid in said chamber
being responsive to external motivation to produce a ro-
tational velocity of said fluid about said axis, means for
supplying said fluid to said chamber with substantially no
rotational velocity relative to said chamber about said
axis and at a relatively large radius of said chamber, fluid
outlet means located axially of said chamber and includ-
ing egress orifice means having a radius smaller than said
relatively large radius by a large factor, and sensing means
including means located only slightly within said vortex
chamber and solely responsive only to a rotational veloc-
ity of said fluid in said chamber about said axis to produce
pressure, said last mentioned means being responsive only
to said rotational velocity of said fluid in said chamber
about said axis in terms of a function of fluid and flow
parameters, wherein said sensing means includes means
located downstream of said orifice for developing a signal
representative only of said rotational velocity in terms of
said pressure.

24. The combination according to claim 23 wherein
said signal is a visual signal representative only of said
rotational velocity.

25. The combination according to claim 23, wherein is
further included at least one source of fluid flow into said
chamber from externally of said chamber, said fluid flow
having a tangential flow component, the fluid flow pro-
vided by said at least one source being arranged to tend
to induce rotational motion of said fluid in said chamber
and constituting at least in part said external motivation.

26. The combination according to claim 25, wherein
said at least one source of fluid flow includes separate
sources located at effective diverse radii with respect to
said axis for inducing rotational flow in said chamber,

27. The combination in accordance with claim 23,
wherein is included at least one source of fluid flow into
said chamber, said fluid flow having a tangential com-
ponent, the fluid flow provided by said at least one source
being arranged to tend to induce rotational motion of
said fluid in said chamber and constituting said external
motivation in its entirety.

28. The combination according to claim 26, wherein
said at least one source of tangential fluid flow into said
chamber includes plural sources having diverse effective
radii with respect to said axis.
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